STAR Physics Program
- a status report
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Many thanks to the organizers!
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2 STAR Detector

EMC barrel
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Full azimuthal particle identification!
v.e mMp, K K5p, @ NA = Q D N, Jy, Y ...

Nu Xu STAR Meeting at VECC, December 5% 2009, Kolkata, India 2/26




TPC

HFT

TOF

EMC+EEMC+FMS
(-1<n<4)

STAR Detectors: rui2r particie identification!

DAQ1000

HLT
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: Particle Identification at STAR
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STAREMC

Heavy Quark
Hadrons

Neutral particles Strange Jets

hyperons

Multiple-fold correlations among the identified particles!

Nu Xu STAR Meeting at VECC, December 5% 2009, Kolkata, India 4/26



s f STAR Physics Focus
—
/ It
s =fg Fa 1) At 200 GeV top energy
e iy et - Study medium properties, EoS
E \ rorons - pQCD in hot and dense medium
£ ° S
- ) | 2) RHIC beam energy scan
0 ;/ - Search for the QCD critical point
. et Baryon bensity - Chiral symmetry restoration
( «
\] e \) Polarized spin program
Y | - Study proton intrinsic properties
&
—
Forward program
%) - Study low-x properties, search for CGC
- Study elastic (inelastic) processes (pp2pp)
- Investigate gluonic exchanges
A\
Nu Xu
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-=4 Relativistic Heavy lon Collider (RHIC)

EEEEEEEEEEE Brookhaven National Laboratory (BNL), Upton, NY

- -.' -

“PHOBOS

- RHIC: Still the highest energy

heavy-ion collider in the world!
Vsyy = 200 - 5 GeV
Au +Au, Cu+Cu,d+Au
- RHIC: The highest energy
| polarized proton collider!
Vs =200, 500 GeV

= a
S
Animation M. Lisa
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500 GeV pp Results (run9)
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=2y __STAR: The Sea-Quark Program

sssssssss

500 GeV p+p collisions

S

u+d =W"™ —e" +v
u+d—=W —e +v

Forward GEM Tracker: FGT

1) Charge sign identification for high momentum
electrons from W#* decay (Energy determined with
- EEMC) ' '

2) Triple-GEM technology, Summer 2011 for Run12
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High-Energy Nuclear Collisions

1
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rrrrrrr 1 Search for Local Parity Violation .

EEEEEEEEEEE
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% Most central

- Strong EM fields
- De-confinement and Chiral - STAR; arXiv: 0909.1739 (PRL); 0909.1717 (PRC)

- PID LPV analysis with TOF
- RHIC BES: disappearance

symmetry restoration
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Submitted to Science Magazine
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Partonic Collectivity at RHIC

Vsyy = 200 GeV 197 Au+"""Au Collisions at RHIC

o
25 [~ (a) Light quarks 11 (b) Strange quarks §
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Transverse Momentum p-. (GeV/c)

Low p+ (= 2 GeV/c): hydrodynamic mass ordering
High p; (> 2 GeV/c): number of quarks ordering
s-quark hadron: smaller interaction strength in hadronic medium

light- and s-quark hadrons: similar v, pattern

=> Collectivity developed at partonic stage!
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= High Moment Analysis (BES
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Net-protons, Au+Au 200 GeV
lyl <0.5,0.4 < p_<0.8 GeVic
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1) High moments are more sensitive to critical point related fluctuation.

2) The 4" moment, Kurtosis, is directly related to the corresponding

thermodynamic quantity: susceptibility for conserved quantum
numbers such as Baryon number, charge, strangeness...
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sQGP and the QCD Phase Diagram

In 200 GeV Au+Au collisions at RHIC, strongly
interacting matter formed:

- Jet energy loss: R,

- Strong collectivity: vy, v,, v,

- Hadronization via coalescence: n. -scaling

Questions:

Is thermalization reached at RHIC?

- Systematic analysis with dN/dp; and dv,/dpresults...
- Heavy quark and di-lepton measurements

When (at which energy) does this transition happen?
What does the QCD phase diagram look like?
- RHIC beam energy scan
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High-Energx Nuclear Collisions

Temperature

p'

3

Critical Point?

hadron gas

oo nuclei

M

®
Baryon Chemical Potential

-
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RHIC LHC SB Ideal Gas
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T/T,
1) At ug= 0: cross over transition, 750 < T, < 200 MeV
2) The SB ideal gas limit: T/T ~ 10
3) T, (LHC) ~2-3*T,,;(RHIC)

4) Thermodynamic evolutions are similar for RHIC and LHC

Zoltan Fodor, Lattice 2007 i
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STAR Detector

DAQ1000
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The di-Lepton Program at STAR

TOF + 1PC + HFT

s N
p P J/p
(1) 0, mass l l DY, charm Bk l v Direct
(2) V2 A A s oot IS radiation from
R 'O°F min. bias Au+Au at \[sy, = 200 GeV E the Hot/Dense
(3) Raa g0 o e 1 | Medium
p Pr>02GeVic __ v, ee -- cC > ee (PYTHIA) 3
y p—>ee cC — ee (random correlation)_“ .
10 o 8% PHENIX: 0706.3034 v Ch'ratl
N ¢—=>eedn - symme
10" — y ry
_________ 5 Restoration
10 -
] = A robust di-
10° E lepton physics
. - program
10° .
- extending
5 STAR
scientific
Pr (GeV[c) reach
\& J
HFT: removing irreducible correlated charm background!
Nu Xu STAR Meeting at VECC, December 5t 2009, Kolkata, India 20/26



Direct Radiation

Di-leptons allow us

S 04 Vs=200 GeV Au+Au (10%) ot at RAIC and LHC! to measure the direct
o ding partoni mate radiation from the
S Expan matter with partonic
— degrees of freedom,
- ization!
Q 0.3 f d:)o O O Vs=17.2 GeV Pb+Pb (10%) no hadronization!
g &AA‘M ¢ O + - Low mass region:
S 0.2 A ++ P, W, o = ee*
© ' + * + m,,, = e-e*
Q. O medium effect
Q A Vs=17.2 GeV In+In (dN_, /dy > 30) :
8. 01 ' ch Chiral symmetry
D MR IMR | -
n ol 6 - High mass region:
n K PAEZE QD A Jhy i Jhp = ee*
0.0 m,, = e-e*
0.5 1 1.5 2 2.5 3 3.5 4
Direct radiation
Mass (GeV)
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-3 O TAR: Muon Telescope Detector
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Muon Telescope Detector at STAR:

1) MRPC technology; p, ~ 45%; cover ~60% azimuthally and |y| < 0.25
2) TPC+TOF+MTD: muon/hadron enhancement factor ~ 1023

3) For trigger and heavy quarkonium measurements
4) China-STAR collaboration: a proposal will be ready in mid-Sept.

Nu Xu STAR Meeting at VECC, December 5% 2009, Kolkata, India 22/26



HFT: 2012-2014

1) 2-layer thin CMOS pixels;
1-layer strips; SSD

2) First layer at 2.5 cm close to
the beam pipe, 2pi coverage

=>» Measure down to low p; ~
0.5 GeV/c for open charm
hadrons

~

Nu Xu
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-3 HFT. Charm Hadron v, and Ry,

200 GeV Au+Au Coliisions at RHIC ' 200 GeV Au+Au Coliisions at RHIC

( D% 500M minimum bias events; lyl<0.5)

Hydro model prediction
(mass(D®) = 1.86 GeVic?) .
N,;, scaling

e ++t(c) o
."‘..' +

Charge hadron R,

0.1 O Expected errors on R,(D°)

—
X
~—
N
>
| —
O
—
()
£
©
-
)
o
>
Q.
o
-
O
2
C
<

0 2 4 6 8 10
Transverse momentum p; (GeV/c) Transverse momentum p.. (GeV/c)

- 200 GeV Au+Au m.b. - 200 GeV Au+Au m.b.

collisions (500M events). collisions (Jy|<0.5 500M events)
- Charm hadron collectivity = - Charm hadron R,, =

drag/diffusion constants =

- Energy loss mechanism!
Medium properties! - QCD in dense medium!
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= Summary

STAR QCD physics program for next decade:

Spin Physics: (cold nucleon)
- 200 GeV: Ag inclusive and di-jets, y-jet
- 500 GeV: sea quark helicity distributions
- 200/500 GeV: transverse spin phenomena

Low-x Physics: (cold nucleus)
- Study gluon-rich phenomena at RHIC
- Color glass condensate

Heavy lon Physics: (hot nuclear matter)
- Thermalization at 200 GeV
- QCD phase boundary and critical point, starts in 2010
- In medium properties
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STAR BES Physics Programs

Beam Energy Mg STAR
(GeV) (MeV) | BUR (10) 27 week

62.4 50
39 110
27 160
18 260

11.5* 340

7.7** 420
6.0 500
5.0 550

0.7
1.7
2.3
2.7
8

*  One collision site at RHIC
**  N(K*)/N(1r*) ratio peaks, maximum of the net-baryon density

4

0.5

0.5
1
2
4

4 4
1.5 1.5
0 0
0 0
2 0
4 4
0.5 0.5
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